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© Process for production of polypropylene sheets or films. 

© The present invention relates to a process for producing ; a polypropylene resin sheet or film which 
comprises introducing a polypropylene resin in a film form, which has been extruded from a T-die in a molten 
state, into a slit through which a cooling water is flowing, passing the polypropylene resin film between nip rolls, 
and pressing the above obtained sheet or film from both sides thereof under a pressure of at least 5 kg/cm 2 
while heating at a temperature of 155 to 160* C. by the use of a metal belt having a surface roughness of not 
more than 0.1 urn. 

In accordance with the present invention, a sheet or film of a polypropylene resin which is unstretched and 
is excellent in transparency and surface gloss can be obtained. 

Furthermore, the sheet or film obtained is good in transparency and surface gloss even when it is thick. 

In accordance with the present invention, even if the film-forming speed is high, a sheet or film having 
excellent transparency can be obtained. ' 

Furthermore, in the sheet or film obtained, gel and fish eye are not prominent, and the sheet or film is 
excellent in heat moldability. 

FIG. 1 
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BACKGROUND OF THE INVENTION 

The present invention relates to a process for production of polypropylene sheets or films which are of 
high transparency although not stretched and thus which are suitable for use in wrapping of foodstuffs, 
medicines and so forth. 

Sheets or films made of crystalline thermoplastic resins, such as polypropylene, are varied m physical 
properties such as transparency depending on the crystal form thereof. 

In order to improve transparency of crystalline thermoplastic resin sheets or films, various techniques 
for controlling the crystallization by rapid cooling (Japanese Patent Publication Nos. 41457/1987 and 
10816/1987, Japanese Patent Application Laid-Open Nos. 42822/1987 and 236719/1985, etc.), have been 
proposed and have been put into practical use. 

In recent years, sheet products have been required to more increase in quality and productivity. 

In production of sheets having a thickness of 0.2 mm, for example, in accordance with the above 
methods, if the film-forming speed is increased to more than 20 m/sec, particularly more than 30 m/sec, the 
transparency of the sheet is gradually decreased. This is considered due to the formation of shark skin in 
the sheet surface with an increase of die shear stress. 

From a viewpoint of the increase of productivity, sheets or films free from the decrease of transparency 
even at a film-forming speed of more than 20 m/sec, particularly more than 30 m/sec are desirable. 

In accordance with the conventional methods, when the thickness of the sheet is more than 0.6 mm, the 
limit of conduction of heat in the thickness direction causes a problem that the transparency is decreased 
abruptly. 

Under such circumstances, sheets which are of high transparency although of high thickness have been 
desired. 

In accordance with methods other than the aforementioned methods, which have heretofore been 
proposed, e.g., a roll method and a method in which a nucleating agent is added, the transparency itself is 
poor irrespective of the film-forming speed and the thickness of the sheet. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provider process for efficiently producing sheets or films 
which are excellent in transparency and gloss although they have a high thickness. 

The present invention relates to a process for producing a polypropylene sheet or film which comprises 
introducing a polypropylene resin in a film form, which has been extruded from a T-die in a molten state, 
into a slit through which a cooling water is flowing, passing the polypropylene film between nip rolls, and 
pressing both surfaces of the above obtained sheet or fiirn under a pressure of at least 5 kg/cm 2 while 
heating at a temperature of 155 to 160* C, by the use of a metal belt having a surface roughness of not 
more than 0.1 urn. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram illustrating an embodiment of an apparatus for use in practice of the process of the 
present invention; and 

Fig. 2 is a diagram illustrating another embodiment of the appratus for use in practice of the process of 
the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

As the polypropylene resin for use in production of sheets or films in accordance with the process of 
the present invention, a propylene homopolymer, at least one crystalline propylene-based copolymer, and a 
5 mixture thereof can be used. 

The term "sheet or film" as used herein includes a multi-iayer sheet or film". In addition, sheets or films 
containing a nucleating agent, e.g., silica, talc, para-tertiary butyl benzoate, aluminum, dibenzylidene 
sorbitol, or fine powder of a high melting point resin, or a petroleum resin, a terpene resin, a cumarone 
resin, or the like, and those obtained using a propylene starting material which has been heat-treated with 
io an organic peroxide can be used. 

The process of the present invention will hereinafter be explained with reference to the accompanying 
drawings. 

Fig. 1 is a diagram illustrating an embodiment of the apparatus for use in practice of the process of the 
present invention. 

75 First, a polypropylene resin 2 in a film form which has been extruded in a molten state from a T-die 1 is 
introduced into a slit 3 through which a cooling water is flowing. 

The slit 3 is formed in conjunction with an upper water bath 4 which is located below the T-die 1. The 
length of the slit 3 is usually in a range of 5 to 100 mm; it is preferably shorter. 

In the upper water bath 4, the water at a position where the film-formed polypropylene resin 2 is 
20 introduced, is required to flow, and the water level should be made as low as possible. Generally the water 
level is preferably less than 7 mm. If the water level is more than 7 mm, boiling spots, haze spots and 
curling occur in the resulting sheet, and undesirably the total haze is in a range of 25 to 28%. 

Since the cooling water flows down from the upper water bath 4, the film-formed polypropylene resin 2 
is cooled by the cooling water when it passes through the slit 3. 
25 That is, the cooling water flows in parallel along the both sides of the film-formed polypropylene resin 2, 
thereby efficiently cooling the polypropylene resin 2. 

The flow rate of the cooling water is desirably near the running speed of the film-formed polypropylene 
resin 2. 

Two or more-stage slits can be used, if necessary. In the case of such multi-stage slits, a special 
30 consideration is not necessarily required to pay to the control of the water level and so forth in connection 
with the second stage slit or the subsequent stage slit. 

The film-formed polypropylene resin 2 which has been cooled in the aforementioned manner, is then 
sent to a lower water bath 5 where it is passed between nip rolls 6 and formed into a sheet or film. The 
thickness of the sheet or film is preferably not more than 3.5 mm. If the thickness of the sheet or film is. 
35 more than 0.5 mm, the internal haze is deteriorated, which is undesirable. 

That isjn the lower water bath 5, the nip rolls 6 of the half dip type that the lower portion of the roll is 
dipped in water, is usually provided as illustrated in the drawings. The nip roll 6 is used to press the film- 
formed polypropylene resin 2 and to transfer thereto the mirror surface of the roll before the cooling water 
flowing in the inside of the slit 3 produces a turbulent flow. 
40 The film-formed polypropylene resin 2 leaving the nip rolls 6 of the half dip type is cooled with the 
cooling water in the lower water bath 5 and then pull by the take-off roll 7. 

The temperature of the cooling water is preferably low and more preferably not more than 10' C. An 
aqueous solution containing calcium chloride may be used, if necessary. 

It is preferred to produce a sheet or film which is improved in the internal haze as much as possible in 
45 the aforementioned manner. 

A polypropylene resin sheet or film 8 pull by the takeoff rolls 7 is pressed on both sides thereof while 
heating by the use of a metal belt 9. 

More particularly, as illustrated in the drawings, the both sides of the polypropylene resin sheet or film 8 
is pressed while heating by the use of a pair of metal belt 9 heated with a heating roll 10. This heat 
so pressing treatment provides the sheet surface with high gloss. In particular, in accordance with the present 
invention, the heat pressing treatment is conducted in surface contact condition by the use of a pair, of 
metal belt 9 heated with the heating roll 10, and thus there is obtained an excellent sheet. 

The metal belt 9 is subjected to surface finishing treatment such that the surface roughness is not more 
than 0.1 urn and preferably not more than 0.02 urn. 
55 The metal belt 9 is usually made of SUS, carbon steel or titanium alloy, and preferably made of SUS. 

The metal belt 9 is usually an endless belt having a thickness of about 0.8 mm. The endless metal belt 
9 is usually operated at a relatively high speed of from 18 to 36 m/min. 


3 


BNSDOCID' <RP 


04825 18A2 I > 


EP0 482 518 A2 

Pressing the both sides of the polypropylene resin sheet or film 8 with the metal belt 9 is usually 
carried out by the use of a hydraulic press 11 as illustrated in the drawings. In addition, a roller-type press 
can be used, if necessary. 

The pressing pressure in the above treatment is usually at least 5 kg/cm 2 and preferably from 10 to 30 
s kg/cm 2 . If the pressing pressure is less than 5 kg/cm 2 , a sheet or film excellent in transparency and surface 
gloss cannot be obtained. 

In this pressing treatment, the polypropylene resin sheet or film 8 is passed through the heating roll 10, 
and it is then pressed by the use of the metal belt 9 while heating at a temperature of 155 to 160' C. 

If the temperature of the polypropylene resin sheet or film 8 is less than 155°C, a sheet or film 
w excellent in transparency and surface gloss cannot be obtained. 

On the other hand, if the temperature of the polypropylene resin sheet or film 8 is more than 160°C, 
the sheet or film melts and sticks to the metal belt 9, which is undesirable. 

The polypropylene resin sheet or film 8 subjected to the pressing treatment is usually cooled by the 
use of a cooling roll 12. . 
75 After cooling, the polypropylene resin sheet or film 8 is wound on a winding roll. From the point of view 
of preventing curling, it is preferred that prior to winding, annealing is applied using a heating roll, for 
example. In this case, the heating temperature is usually 80 to 130«C and preferably 110 to 130* C. 

Although the present invention is explained above referring to a single layer sheet or film, it is not 
limited thereto; by the use of an apparatus shown in Fig. 2, a thick laminate sheet can be produced. 
20 That is, a sheet or film separately subjected to cooling treatment by the aforementioned water cooling 
method, or' a sheet or film 14 subjected to cooling treatment by the aforementioned cooling method and 
wound on the unwinding reel stand (unwinding reel stand of sheets or films for preparation of laminate) 13 is 
unwound, and laminated on the polypropylene resin sheet or film 8 pull by the take-off roll 7. Thereafter, in 
the same manner as explained referring to the apparatus shown in Fig. 1, a polypropylene resin lam.nate 
25 having excellent transparency can be produced. 

In accordance with the cooling method of the present invention, a sheet or film of a polypropylene resin 
which is unstretched and is excellent in transparency and surface gloss can be obtained. 

Furthermore, the sheet or film obtained is good in transparency and surface gloss even when it is thick. 
In accordance with the process of the present invention, even if the film-forming speed is high, a sheet 
30 or film having excellent transparency can be obtained. 

Furthermore, in the sheet or film obtained, gel and fish eye are not prominent, and the sheet or film is 
excellent in heat moldability. t 

Therefore the sheet or film obtained according to the process of the present invention is suitable for use 
in wrapping of foodstuffs, medicines and so forth. Moreover, the sheet or film can be used as a material for 
35 heat molding such as pressure foming. 

The present invention is described in greater detail with reference to the following examples. 

Example 1 ; - 

40 A polypropylene resin sheet was produced by the use of the apparatus shown in Fig. 1 . 

A polypropylene resin (density 0.91 g/cm 3 , melt index 2.0 g/10 min, Idemitsu Polypro F-200S (trade 
name)) was extruded at a resin temperature of 280° C by the use of a T-die extruder (extruder diameter 120 
mm, LVD = 28, die width 500 mm, die lip clearance 1 mm). 

A molten resin film 2 as extruded above was introduced into a slit 3 (width 3 mm) in which cooling 
45 water was flowing. Then, after being passed through a nip roll 6 (diameter 80 mm) of the half dip type 
provided in a lower water bath 5, the molten resin film 2 was cooled with cooling water in the lower water 
bath 5, and pull with a take-off roll 7. 

Then, with a pair of metal belt 9 heated to a predetermined temperature by the use of a heating roll 10 
(the metal belt 9 was an endless belt made of SUS, which had a surface roughness of 0.01 urn and a belt 
so thickness of 0.8 mm; the temperature of the heating roll 10 is shown in Table 1; and the temperature of the 
cooling roll 12 was set at 40* C), a polypropylene resin sheet or film 8 was pressed from both sides thereof 
under a pressure as shown in Table 1 by the use of a hydraulic press 11 to obtain a polypropylene resin 
sheet. 

Operating conditions and the results are shown in Table 1 . 
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Example 2 

A two-layer polypropylene resin laminate sheet having a total thickness of 0.6 mm (0.3 mm x 2) was 
produced in the same manner as in Example 1 except that the appratus shown in Table 2 was used and the 
5 processing was conducted under the conditions shown in Table 1 . 
Operating conditions and the results are shown in Table 1. 

Example 3 

A three-layer polypropylene resin laminate sheet having a total thickness of 0.9 mm (0.3 mm x 3) was 
produced in the same manner as in Example 2 except that two unwinding reel stand 13 were used and the 
processing was conducted under the conditions shown in Table 1. 

Operating conditions and the results are shown in Table 1. Comparative Example 1 
A polypropylene resin sheet having a thickness of 0.3 mm was produced in the same manner as in 
Example 1 except that in place of the pressing treatment using the metal belt 9, annealing treatment 
(120* C roll annealing) was applied. 

Operating conditions and the results are shown in Table 1. 

Comparative Example 2 

A polypropylene resin sheet having a thickness of 0.6 mm was produced in the same manner as in 
Example 1 except that in place of the pressing treatment using the metal belt 9, annealing treatment 
(120* C roll annealing) was applied, and the line speed was set at 15 m/min. 
Operating conditions and the results are shown in Table 1 . 

Example 4 

A polypropylene resin sheet having a thickness of 0.6 mm was produced in the same manner as in 
Example 1 except that after the pressing treatment using the metal belt 9, annealing treatment (120*C roll 
30 annealing) was applied, and the processing was conducted under the conditions shown in Table 1. 
Operating conditions and the results are shown in Table 1 . 

Comparative Example 3 

A polypropylene resin sheet having a thickness of 0.3 mm was produced in the same manner as in 
Example 1 except that the starting material of Example 1 was extruded in the form of a molten resin film 
under the extruding conditions of Example 1 , air was blown onto the mirror finished roll with an air knife, 
and the line speed was set at 30 m/min. . ... .... 

Operating conditions and the results are shown in Table 1 . 

Comparative Example 4 

A polypropylene resin sheet having a thickness of 0.3 mm was produced in the same manner as in 
Example 1 except that a molten resin film was extruded using the starting material of Example 1 and under 
45 the extrusion conditions of Example 1, and after blowing air onto the mirror finished roll with an air knife, the 
pressing reatment using the metal belt 9 was conducted in the same manner as in Example 1 , and further 
the processing was conducted under the conditions shown in Table 1 ♦ 

Operating conditions and the results are shown in Table 1 . 

so Comparative Example 5 

A polypropylene resin sheet having a thickness of 0.6 mm was produced in the same manner as in 
Example 1 except that a molten resin film was extruded using the starting material of Example 1 and under 
the extruding conditions of Example 1, and chilled with a touch roll, and the line speed was set at 8 m/min. 
55 Operating conditions and the results are shown in Table 1 . 
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Comparative Example 6 

A polypropylene resin sheet having a thickness of 0.3 mm was produced in the same manner as in 
Example 1 except that the temperature of the heating roll 10 was set at 120° C. 
Operating conditions and the results are shown in Table 1 . 

Comparative Example 7 

A- polypropylene resin sheet having a thickness of 0.3 mm was produced in the same manner as in 
Example 1 except that the temperature of the heating roll 10 was set at 165*C. In this case, the sheet 
melted and sticked to the metal belt 9. 

Operating conditions and the results are shown in Table 1. 

Comparative Example 8 

A polypropylene resin sheet having a thickness of .0.3 mm. was produced in the same manner as in 
Example 1 except that the pressing treatment was conducted at 3 kg/cm 2 by the use of hydraulic press 11. 
Operating conditions and the results are shown in Table 1. 
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Claims 


1. A process for producing a polypropylene resin sheet or film which comprises introducing a poly- 
propylene resin in a film form, which has been extruded from a T-die in a molten state, into a slit 
through which a cooling water is flowing, passing the polypropylene resin film between nip rolls, and 
pressing the above obtained sheet or film from both sides thereof under a pressure of at least 5 kg/cm 2 
^.^ «+ „ i« 1 fin * c. hv thft use of a metal belt havina a surface roughness 


w 2. 


75 


20 


pressing the above ootatnea sneei or mm iium uum oiuco moiwi ~ " ~ vt ~ v ^ — 

while heating at a temperature of 155 to 160' C, by the use of a metal belt having a surface roughness 
of not more than 0.1 nm. 

The process as claimed in Claim 1 t wherein the polypropylene is a propylene homopolymer, crystalline 
propylene-based copolymer, or a mixture thereof. - 

3. The process as claimed in Claim 1 , wherein the flow rate of the cooling water is near the running speed 
of the polypropylene resin in a film form. . ^ . 

4. The process as claimed in Claim 1 , wherein the nip roll is one of the half dip type. 

5. The process as claimed in Claim 1, Wherein the metal belt have a surface roughness of not more than 
0.02 urn. - 

6. The process as claimed in Claim 1 , wherein "the pressing pressure is from 10 to 30 kg/cm 2 . 
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© The present invention relates to a process for 
producing a polypropylene resin sheet or film which 
comprises introducing a polypropylene resin in a 
film form (2), which has been extruded from a T-die 
in a molten state, into a slit (3) through which a 
cooling water (5) is flowing, passing the poly- 
propylene resin film between nip rolls (7), and press- 
ing the above obtained sheet or film from both sides 
thereof under a pressure of at least 5 kg/cm 2 while 
heating at a temperature of 155 to 160* C, by the 
use of a metal belt (9) having a surface roughness of 
not more than 0.1 um. 

In accordance with the present invention, a sheet 


or film of a polypropylene resin which is unstretched 
and is excellent in transparency and surface gloss 
can be obtained. 

Furthermore, the sheet or film obtained is good 
in transparency and surface gloss even when it is 
thick. 

In accordance with the present invention, even if 
the film-forming speed is high, a sheet or film having 
excellent transparency can be obtained. 

Furthermore, in the sheet or film obtained, gel 
and fish eye are not prominent, and the sheet or film 
is excellent in heat moldability. 


FIG. t 
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